The dentate gyrus (DG) and area CA3 of the hippocampus are highly organized lamellar structures which have been implicated in specific cognitive functions such as pattern separation and pattern completion. Here we describe how the anatomical organization and physiology of the DG and CA3 are consistent with structures that perform pattern separation and completion. We then raise a new idea related to the complex circuitry of the DG and CA3 where CA3 pyramidal cell 'backprojections' play a potentially important role in the sparse firing of granule cells (GCs), considered important in pattern separation. We also propose that GC axons, the mossy fibers, already known for their highly specialized structure, have a dynamic function that imparts variance -'mossy fiber variance' -which is important to pattern separation and completion. Computational modeling is used to show that when a subset of GCs become 'dominant,' one consequence is loss of variance in the activity of mossy fiber axons and a reduction in pattern separation and completion in the model. Empirical data are then provided using an example of 'dominant' GCs -subsets of GCs that develop abnormally and have increased excitability. Notably, these abnormal GCs have been identified in animal models of disease where DG-dependent behaviors are impaired. Together these data provide insight into pattern separation and completion, and suggest that behavioral impairment could arise from dominance of a subset of GCs in the DG-CA3 network.
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Introduction
Pattern separation and pattern completion are now widely discussed as important functions of the dentate gyrus (DG) and CA3 region of hippocampus. Yet there is also debate -even when defining terms. Here we first review basic structure and definitions for the purposes of this review. Then we discuss some relatively unappreciated aspects of the structure and function of the DG and CA3 that support pattern separation and completion. Finally we use computational modeling and empirical methods to shed new light on pattern separation and completion in health and disease.
Circuitry of the DG and CA3
Fig. 1 provides a simplified schematic of major cell types and connections in the dentate gyrus (DG) and CA3. There are several excellent reviews about the basic circuitry of these areas in rodents and primates (Andersen, Morris, Amaral, Bliss, & O' Keefe, 2006; Scharfman, 2007b; Shepherd, 2004) including quantitative descriptions of rodent DG, with details regarding cell types, numbers, and connectivity (Morgan, Santhakumar, & Soltesz, 2007) . Rodents are the focus here. In Fig. 1 , several elements of the fundamental circuitry are simplified or collapsed for implementation in a computational model of the DG and CA3 (Myers, BermudezHernandez, & Scharfman, 2013; Myers & Scharfman, 2011) . In brief, the primary glutamatergic input from cortex is the perforant path, formed by axons of neurons of layer II of the entorhinal cortex. The perforant path innervates the distal dendrites of DG GCs in the molecular layer, as well as processes of the GABAergic interneurons (INs) located in that layer. INs are subdivided into those that innervate the GC soma (perisomatic-targeting) and dendrites (dendritic-targeting neurons), with basket cells and axo-axonic cells comprising the former and hilar cells with axon terminals in the molecular layer containing the perforant path projection (HIPP cells; Freund & Buzsaki, 1996; Han, Buhl, Lorinczi, & Somogyi, 1993) reflecting the latter. Another major cell
